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MET O 8 EVAP MEIO NUMBER 12

THE AERODYNAMIC TERM IN THE PENMAN FORMULA

COMPARISON OF RESULTS OF EVALUATIONS USING VARIOUS SELECTIONS OF DATA

1. INTRODUCTION

100
Using the form of the A-Term (SVP=VP) (u + 21) evaluations were made
with the following seleotions of data, (u = wind speed imits ok 10w)

1. Instantaneous values of SVP, VP and u at 03002

2. " n " " " " " 09002

3y " " n "N o0 15002

4. " " " " " " " 21002

5 Mean of instantaneous SVP VP and u at 03Z and 152

6. " " 4) 2N 097 and: 217

7. " " n " ” " " " O9Z and 1 Sz

8. " " " " " " " " 032, 092 and 21Z
9. " " "' " " " " " O3Z’ 09Z and 1 5z
10. " " " " " " " " 09Z’ 1 SZ and 21 Z
1 1 3 " n " n " " " " o3z’ 1 SZ and 21z

49 " " " " (S, P 03, 09, 15 and 212
13. The approximation using (24-hour run of wind
0900Z VP
SVP from max and min temps.
14. The 24-hour mean of hourly evaluations of the A-Term. (u being ™ed" . -wind
for "past" hour). -
15, The A-Term evaluated daily from means of hourly values of SVP, VP and u,

2. DATA AND COMPUTER TREATMENT

All the measurements were made at London Airport in 1965, The programme
divided a 360 day "year" (Jan 1-Dec 26) into twelve 30-day "months" and
printed out

(a) Daily values of A-Terms 1 to 15

(b) 30 day means of daily values of A-Terms 1 to 15

(¢) 30 day mean values of A-Terms 1 to 13 and 15 evaluated from 30 day
mean values of the variables (SVP, VP and u).

Table I (available on request) contains the following datas

(a) 30 day means of daily evaluations of A-Term

(b) 30 day mean A-Term values from 30-day mean data

(¢) b as percentage of a
for each month and each selection of data.
3. ANALYSIS OF EVALUATIONS

Wright has already given reasons for considering that the whole Penman
formula can not be evaluated for periods of less than 24 hours, on radiation
considerations,

We shall assume, therefore, that the best value of the Aerodynamic Term

(A-Term) is that obtained from the mean of continuous records of temperature,
vapour pressure and wind speed. The selection of data nearest to continuous

. records is the mean of hourly values and 1-hour runs of wind and we shall,
. therefore, compare all other evaluations with those obtained from selection 15,
-~ which Wright has called "Product of the Means", ~
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Wright has already shown, from the same data (Evap Memo No 4) the
difference between the 24 hour mean of hourly evaluations of the A-Term
(*Mean of the Products") 14 and the A-Term evaluated from 24 hour means
of the variables (15).

| Comparison of 30-day means of Daily Evaluations

-~

The 30-day means of daily evaluations are plotted in Fig 1 as follows:
Product of Means (Type 15) in heavy black line.

Corresponding to each point on the Type 15 graph points are plotted at
4 units above and below. The "+4 band" is bordered by dashed lines and is
shaced; no points falling within the shaded area are plotted for Types 1-14
to avoid needless complication of the figure.

Evaluations made with the other selections of data are plotted (where

i they fall outside the shaded area) in accordance with the column of symbols

at the extreme right of the upper part of the figure. All graphs and "part-
graphs"” are labelled according to the data used.

The "calendar" at the top of the figure shows, for convenience, whether
, the evaluation lies above (+) or below (-) the shaded area or within the
{ shaded area.

30-day means of daily evaluations of the A-Term (by "methods" 1 to 14)

were divided Intocorresponding 30-day means of daily evaluations by "Product

5 of Means" (method 15); the results, which are multiplying factors, as they
stand, and would be percentages if multiplied by 100, are set out in Table @A

Totals and "yearly" (360-day) means are given for each "method" and
also the difference between the greatest and least 30-day value of the factor
for each method.
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The "factors" in Table II are plotted "noﬁhod by method™ in Figs 2.1 to

2.14.
Bach graph was inspected and either (i) rejected, as in the cases of

2.1, 2.4 and 2,8, as showing no reliable relationship between the "methods" in
question and "method" 15 or (ii) thought flat enocugh to have the 360-day mean
factor applied throughout or (iii) divided into parts of a "year" with
appropriate "seasonal" mean factors calculated from 30-day values.

i Graphs 2.2, 2.3, 2.5-T7 and 2.9-14 can be summarised as follows:
2.2 (092 data) Good for May-August. "Tolerable" for colder months.
2.3 (152 data) Little variation throughout the year.
2.5 (03 and 152 data) Good for October- April and quite good for warmer months.
2.6 (09 and 212 data) Good for May-August. "Tolerable" for colder months.

2.7 (09 and 152 data) Good for March-November but a slightly different factor
needed in winter.

2.9 (03, 09 and 152 data) Very good.
2.10 (09, 15 and 21Z data) Very good if "seasonal" factors are used.

2.11 (03, 15 and 212 data) Very good if "seascmal" factars are used.
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2.12 (03, 09, 15 and 21Z data) Very good.
2,13 ("Approximation") Very good except for December.

2.14 ("Mean of Products") Very good.

The December value in Fig 2.13 deserves comment. It appears to have been
due to the occurrence of three days when the evaluation gave large (spurious)
negative values. These are, of course, nonsense; they arose as a result
of the arrival during the day, of mild, humid, windy weather causing a rapid
rise of temperature. On days such as these the "approximation" (method 13)
is clearly inappropriate.

The factors from Figs 2 are set out in Table III
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The factors in Table III were applied to the 30-day mean values of .
daily evaluations by each method (in first lines of each Section of Table p D 5
to produce adjusted values of the A-Term; these adjusted values are set out in
the first lines of each section of Table IV (available on request).

In the second line of each section is the"error", obtained by subtracting
the corresponding 30-day mean of daily values by P of M (Col 15) from each
"ad justed value" {first line).

In the third line of each section the "error" is expressed as a percentage
of the P of M value of the Term. The percentages are given in Table IVA,

The percentage errors were added and meaned over the 360-day "“year".
The 360-day means of percentage errors are listed in ascending oxder in

Table V from which we see that 8 of the "methods" give amnnual average errors
of less than 5% of the "monthly" values of the A-Term by the "best method"
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DATA MEAN OF 12 $AGE ERRORS

03 15 21
Mof P
03 09 15 21
03 09 15
Approx
09715 21
03 15

09 15

09 21

09

15

This "ranking" of "methods"™ with respect to the P of M method is, of
course, a very coarse approach and it must not be forgotten that it is based
on 30-day means of daily evaluations from only one station-year of data.
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Tomparison of Daily Evaluations

Making an arbitrary selection of the 10th and 20th day in each 30-day
period and leaving out "methods" 1, 4 and 8 the daily evaluations of the A-Temm
by the remaining "methods" were divided inlothe corresponding evaluations by
"method” 15"P of M"., The "multiplying factors" so obtained are set out in
Table VI (available on request).

The daily ratios of Table VI are plotted in Figs 3 and are there compared
with the 30-day multiplying factors from Table III.

An X is shown in the graphs where a value of the A-Term was negative
(and therefore nonaensical?f

A few very large values are written in figures instead of being plotted
as points on the graphs.

Although all days and several years of data from several stations would
have to be analysed to produce firm conclusions, the following deductions,
made from Figs 3 have limited validity in view of the arbitrary selection of
days from the 360-day sample.

Relationship of daily ratios to 30-day ratios

n

3.2 (092 data) Poor for January-April, moderate for May-August and quite good

for September-December except for two values.
3.3 (152 data) Poor for January but quite good for the rest of the year.

3.5 (03 and 152 data) Quite good for colder months but only moderate in the
warmer months.

3.6 (09 and 21Z data) Mostly moderate.

3.7 (09 and 152 data) Moderate in January but quite good in the rest of the
year.

3.9 (03, 09, 152 data) Mostly mederate. All near or above the 30 day value.

3.10 (09, 15, 212 data) Poor in Jamuary but good for rest of the year.
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3.11 (03, 15, 212 data) Very good for January-April and quite good for the
rest of the year. : i
3.12 (03, 09, 15, 21Z data) Good except for October to December

3.13 (Approximation) Quite good apart from winter.
3.14 (Mean of Products) Very good.

From careful examination of the graphs (Figs 3) we see that, on the
basis of daily comparisons, a similar "ranking” to that of Table V appears.

TABLE VII

METHOD DATA RELATIONSHIP BETWEEN DAILY
AND 30-DAY RATIOS

14 M of P Very Good

11 035 11551212 Mostly Good

12 03, 09, 15, 21Z Mostly Good

10 09, 15, 212 Mostly Good

7 09, 152 Mostly Quite Good
3 152 Mostly Quite Good
9 03, 09, 152 Moderate

S 03, 152 Fair

Occurrence of Negative and very small values of the A-Temm

All values of the A-Term (daily) for all "methods" were examined and
cases were counted as follows:

(i) Fumber of negative values
(i1) Number of positive values ¢ 2
(11i) Number of positive values )2 < 4

The distribution of the above classes of values by "methods" and 30-day
periods is shown in Table VIII A, B and C.

If we now discard all "methods" giving a negative value of the A-Term and
rank the remainder on the basis of mumbers of evaluations less than 2 we
arrive at the rough classification of Table IX.

PABLE IX

METHOD  DATA CLASS
15 Pof M g
14 M of P FIRST
1 03 15, 212 )
10 09, 15, 212 )
5 03, 152 )
T 09, 152 ) SECOND
12 03, 09, 15, 212)
3 152 THIRD
9 03, 09, 152 FOURTH
4 o047 FIFTH

It will be noticed from inspection of Table VIII A, B and C that methods
which give some negative evaluations also give higher numbers of very small
values of the A-Term (with the exception of method 13 with 7-ve values but only
one +ve value {2).
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Relationship between 30-day means of the A-Term and values of the A-Term

evaluated from 30-day mean data

Values of the A-Term evaluated both ways from each selection of data
were plotted for comparison. :

Values of Mean A-Term from 30-day mean data
30-day Mean of A~-Term

-~

! were calculated for each case. These percentages, labelled x/o are written

‘ below each pair of graphs., Pigs 4.1-14 (available on request) and are shown in
Table X. To summarise the percentages we can say that all were 94% during
the period October-March (inclusive), with the exception of "1500Z method"

in January and October, and that most were { 89%. Most percentages were

> 95 and ( 105 during the period April-September (inclusive) with the notable
exception of the "0300Z method".
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4. CONCLUSIONS

1« On the basis of radiation considerations it was assumed that the Pemman
Formula for calculating Potential Evaporation cam not be evaluated, reliably,
for perieds of less than 24 hours. Hence we assumed that the best value

of the Aerodynamic Term (A-Term) is to be obtained from gontinuous values of
temperature, vapour pressure and wind speed. The mearest approximation te
continuous values is the hourly measurement of temperature and vapour pressure
and run of windy i.e. "Method™ 15 which Wright has called Product of the
Means where the A-Term is evaluated daily from means of hourly values of the
variables.

2. Camparison of 30 day means of daily values of the A-Term with Product

of Mean 30-day values led to the rejection of methods using (1) 032 data,

(4) 212 data and (8) 03, 09 and 21Z data and to the calculation of provisional
yearly or seasonal multiplying factors (Table III) to convert A-Term values
obtained in various ways to A-Term values by Product of Means.

3« The multiplying factors of Table III were used to ad just 30-day means (of
daily evaluations of the A-Term by various methods) and final errors expressed
as %age of the Product of Means A-Term mean values for 30-day periods., This
process gave a provisional order of "excellence" Table V.

4. Daily evaluations of the A-Term were compared with those obtained by
Product of Means, ratios were obtained and compared with the ratios
(multiplying factors) of Table III. This process gave a provisional order of
"excellence" Table VII

5. Methods giving any negative evaluations were rejected (for all-year use)
and the remainder were "ranked" in inverse ratio to the number of values of the
A-Term £ 2 in 360 days; this process gave a provisional order of "excellemce"
Table IX.

6. The findings of (3), (4) and (5) "combined" suggest the following rough
order

.

(Best method 15) P of M
Second: (14) M of P and (11) 03, 15, 212
Third:s (12) 03, 09, 15, 212 and (10) 09, 15, 212
Fourth: (7) 09, 152
Fifth: (5) 03, 152
Sixth: (9) 03, 09, 152 (3) 152

T. The 30 day means of daily evaluations of the A-Term were compared with
30 day evaluations of the A-Term from 30-day means of the variables and it was
found that whilst differences were small in the warmer months there were large
differences in the colder months.

8. It must not be forgotten that the whole analysis has been based on one
station-year of data.

NOTE This memo is circulated for discussion purposes only., Comments and
suggestions will be welcomed by the authors.

Het O 8¢
Bracknell
Jamuary 1970
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